Atropine was given intravenously in a dose of 0.012 mg/kg to ten artificially ventilated patients anaesthetized with nitrous oxide and tubocurarine. The heart rate increased from a mean of 68 to a mean of 96 beats/min. This was accompanied by a 31 per cent increase in cardiac output and a 12 per cent rise in mean arterial pressure. There was no significant change in stroke volume or left ventricular stroke work. Total peripheral resistance fell by 14 per cent and circulation time by 22 per cent. Use of 0.5 per cent halothane in the inspired mixture in five cases resulted in smaller increases in heart rate and cardiac output than were seen in the other five. The results were compared with those in an earlier report in which the patients breathed spontaneously during halothane-nitrous oxide anaesthesia (Farman, 1967) . The response to atropine depends not only on the effect of the drug on the heart, but also on the control state of the circulation, both of which are heavily influenced by other anaesthetic drugs, by the arterial Pco 2 and by the mechanical effect of artificial ventilation.
An earlier report from this department (Farman, 1967) dealt with the effect of atropine on the circulation of spontaneously breathing patients anaesthetized with nitrous oxide, oxygen and halothane. It was shown that atropine caused an increase, not only in heart rate, but in cardiac ouput and mean arterial pressure, accompanied by reductions in stroke volume, peripheral resistance and circulation time.
It was by no means certain that these effects of atropine would be the same when other anaesthetic techniques were employed. Doses of atropine sufficient to cause tachycardia were therefore given to patients who were anaesthetized with nitrous oxide and tubocurarine and ventilated artificially. The general form of the investigation was that described in the previous report.
METHODS
Changes in cardiac ouput were measured by the indicator-dilution method, employing the Cambridge Mark II dye curve recorder and earpiece. Sodium anoxynaphthonate (Coomassie Blue, ICI) in 20-mg doses was used as the indicator. The technique was based on that described by Gabe and Shillingford (1961) and the curves obtained were not calibrated. The area beneath each dye curve was calculated by a manual method, employing the time-constant of the decay curve. Cardiac output was expressed as die product of die dye dose and die reciprocal of the area beneadi die dilution curve. By diis means quantitative estimates of changes in cardiac output were obtained.
Heart rate, blood pressure and peak-to-peak circulation time were measured and mean arterial pressure, stroke volume, peripheral resistance and left ventricular stroke work calculated. Further details of the methods used appeared in the earlier report (Farman, 1967) .
Procedure.
The investigation was carried out on ten adult patients (five men and five women) undergoing abdominal operations which involved. minimal blood loss. All except one (case 2) were normotensive and free from circulatory disease. The average age was 45.5 years, and the average weight 67 kg. Each patient was visited before operation when the nature of the investigation was explained and consent for the procedure obtained.
Premedication consisted of an opiate with hyoscine (eight patients) or atropine (two patients) (see table I ).
Anaesthesia was induced with thiopentone (mean 5.8 mg/kg) followed by tubocurarine 30 mg before endotracheal intubation. Further doses of this relaxant were given when needed. Anaesthesia was maintained with nitrous oxide (60 per cent), and oxygen. Halothane 0.5 per cent from a Mark II Fluotec vaporizer was added to the inspired mixture in five of the patients and trichloroethylene (0.5 per cent approximately) in one other; the remaining four received no adjuvant. The patients were artificially ventilated throughout with a Cyclator ventilator (BOC) (the anaesthetic mixture being entrained by the ventilator) at a minute volume of approximately 10 l./min. All patients lay supine with one arm extended on an arm board. An intravenous infusion of dextrose/saline solution was set up, using a large-bore venous catheter (Intracath-C.R. Bard, Inc.) or a cannula, inserted so that the tip lay in the upper arm. The operations performed, ages and weights of the patients and doses of premedicant drugs, thiopentone, adjuvants and atropine are given in table I. A period of at least half an hour elapsed between the start of anaesthesia and the recording of observations. This permitted the achievement of a steady circulatory state and allowed time for the apparatus to be prepared. A time was chosen when surgical procedures likely to induce circulatory changes were absent and when the arterial pressure and heart rate were steady. An initial set of observations, consisting of recording a dyedilution curve, and measuring arterial pressure and heart rate, was made. In four cases these readings were duplicated.
Atropine sulphate 0.012 mg/kg (approx. 0.6 mg) was injected into the drip and immediately flushed in with dextrose/saline solution. Eight patients received doses ranging from 0.008 to 0.011 mg/kg while two (cases 9 and 10) received 0.022 and 0.019 mg/kg respectively. A second set of observations was made when the heart rate reached its maYi'miin^ between 2 and 5 minutes from the time of injection. In five patients further sets of observations followed.
TABLE I
Ages, weights and sexes of the patients studied, with doses of the drugs used.
1.

2.
3.
4.
5.
6. 
RESULTS
For each patient the control values for each parameter, before giving atropine, are expressed as 100 and those obtained afterwards as percentages of the controls. The results are tabulated as changes occurring within 2-5 minutes of giving atropine. The mean changes occurring in this period were obtained and standard errors calculated. The response to atropine for patients breathing 0.5 per cent halothane (cases 1-5) was compared with those patients who did not receive halothane (cases 6-10). The statistical significance of a change in any parameter was assessed by Student's t test. For certain parameters results are also plotted as percentage changes against time. Individual results are summarized in table II.
The effect of atropine on heart rate.
The mean heart rate before giving atropine was 68 beats/min (SE±3.1). The rate increased 25-30 seconds after the atropine was given. The mean maximum increase in rate was 28 beats/ min, giving a final mean maximum rate of 96 beats/min (SE±3.7). There was no significant difference in initial heart rate or change of rate between those on different concentrations of halothane. Figure 1 shows how the heart rate, expressed as a percentage of the control value, increased in each patient. The mean increase was 43 per cent (SE±5.7; P<0.001). Effect on stroke volume. As a result of giving atropine, stroke volume fell by a mean of 6.3 per cent (SE±6.3). This change is not significant (P>0.9). Only three patients showed an increase in stroke volume. Individual percentage changes are shown in figure 3.
Effect on arterial pressure.
The initial measurement of arterial pressure was inadvertendy omitted in patient No. 10. Mean arterial pressure rose when the heart rate increased. The mean value before giving atropine was 89 mm Hg (SE ± 3.0) and it rose to 99 mm Hg (SE±2.5) afterwards. This represented a highly significant increase of 12 per cent (SE±2.1; P<0.001). Patients inhaling 0.5 per cent halothane showed a mean increase of 10 per cent (SE±2) while those not inhaling halothane showed an increase of 14 per cent (SE±4). This difference is not significant (P>0.4). Figure 4 shows the individual changes in mean arterial pressure, again expressed as percentages of the control values.
Effect on left ventricular stroke work.
The work done by the heart has for convenience been expressed as die work done during each beat by the left ventricle, the left ventricular enddiastolic pressure being assumed to remain constant at 5 mm Hg. Left ventricular stroke work increased after giving atropine in four patients, in four others it fell moderately, in one it showed no change, while the record of the last patient (No. 10) was incomplete. The mean increase in stroke work was 8.8 per cent (SE±9.5; P>0.3) which is not statistically significant. Effect on circulation time.
The mean peak-to-peak circulation time was 26 seconds (SE±1.2) before giving atropine and it fell to 20 seconds (SE ± 1.4) afterwards, a decrease of 22 per cent (SE±2.0). This fall is highly significant (P<0.001), but there was no significant difference between the results in patients on different concentrations of halothane.
DISCUSSION
The purpose of this investigation was to study the circulatory response to atropine of patients anaesthetized with a relaxant technique and to compare it with that observed in patients spontaneously breathing nitrous oxide, oxygen and halothane. We were limited in the time we could spend with individual patients. Both for this reason and on ethical grounds, we relied on the earpiece technique to follow changes in cardiac output, rather than using an arterial cuvette. For the same reasons we used the auscultatory methods for measuring arterial pressure; all estimations were made by one observer. Mean arterial pressure was calculated by adding one-third of the pulse pressure to the diastolic pressure and expressing the result to the nearest mm Hg. In this way we have tried to achieve means of screening the circulatory responses of a fairly large number of patients.
The patients in the present series had a mean age of 45 years, and a mean weight of 67 kg; 5.8 mg/kg thiopentone was used for induction and the dose of atropine was 0.012 mg/kg. A close similarity exists between these patients and those in an earlier report (Farman, 1967) . However, there were inevitably differences between these two groups, some of which would clearly lead to differences in control circulatory levels before atropine was given. These differences could also alter the heart's response to atropine; they concern the type of operation, the doses of anaesthetic drugs and the effects, both chemical and mechanical, of artificial ventilation.
In this series the patients all had abdominal operations. Care was taken to ensure that measurements were only made when no traction was being exerted on the bowel, for example during gastric anastomosis or while awaiting the result of cholangiography. We therefore think it unlikely that the nature of the operations influenced the results, or accounted for the differences between this series and that reported earlier, in which most patients had superficial operations. When we began to study the effects of atropine it soon became clear that the response of the heart was strongly influenced by the anaesthetic techniques employed. After dividing our patients into groups, one of which forms the basis of this paper, it became clear that the use of adjuvant agents also influenced the results. However, we did not wish to follow this to its logical conclusion at that stage because of the difficulty in interpreting differences between large numbers of sub-groups.
It is now generally believed that tubocurarine has little or no specific effect on the circulation in man (Smith and Whitcher, 1967) . However, although the same inspired concentration of nitrous oxide was used throughout, adjuvant agents were needed in six patients. The five patients (Nos. 1-5) who received 0.5 per cent halothane were therefore compared with the rest of the group. The results of this comparison are shown in table HI. Surprisingly, in view of the sympathetic blocking action of halothane (Price and Price, 1966) , patients in whom this agent was used also had faster initial heart rates, although the final rates in the two groups were similar, so that the halothane group showed a smaller proportional rise as a result of receiving atropine. They also showed smaller mean increases in cardiac output and arterial pressure but the percentage fall in stroke volume was the same in the two groups. None of these changes is statistically significant. These results are presumably due to the negative inotropic effect of halothane, but they tend also to support the view that the response to atropine depends in part on the initial heart rate (Farman, 1967) . There was a significant difference (P<0.02) between the 8 per cent fall in peripheral resistance in the halothane group and the 21 pacent fall in the other patients. This reflects the modest increase in cardiac output in those receiving halothane. However, these differences should be interpreted with some caution in view of the necessarily small number of cases studied.
One patient (No. 6) who received trichloroethylene (0.5 per cent approx.) in the inspired mixture, had the lowest heart rate (both before and after atropine) in the series and the greatest proportional increase in rate. She also had the lowest initial arterial pressure, although the increase in pressure was within the range shown by the others. In other respects her response was typical of the series as a whole although the mean figures of the non-halothane group were influenced somewhat by her inclusion.
The dose of atropine was in the region of 0.01 mg/kg in all except the last two patients (Nos. 9 and 10) who were given 1.2 mg (0.022 and 0.019 mg/kg, respectively). Although these two showed faster heart rates after atropine than the other non-halothane patients, the increases in cardiac output were less than usual. The data on patient No. 10 were incomplete and no conclusions can be drawn about these parameters. It seems nevertheless that the response to the smaller dose was near maximal. Patients in whom muscle relaxants are used normally require artificial respiration. Our patients were ventilated at a rate of 20 b.pjn. with a tidal volume of 500 ml regardless of weight. Using the formula proposed by Cooper (1967) we would expect our patients (mean age 46 years) to have a VD/VT ratio of 0.36x46 + 32.4 = 45.2 per cent. With minute volumes of about 10 l./min this suggests levels of alveolar ventilation of about 5.5 l./min, corresponding to arterial carbon dioxide tensions in the region of 40 mm Hg. The work reported here was completed before publication of the report by PrysRoberts and his colleagues (1967) on the influence of arterial carbon dioxide tension on the cardiac output. No attempt was made to measure the arterial Pco a during the investigations, but we consider it unlikely that our patients' control values were abnormal as a result of disturbances of arterial Pco 3 .
The control state of the circulation in our patients must also have been influenced by the mechanical effect of artificial ventilation, which was of the positive-atmospheric pressure type. Prys-Roberts and associates (1967) found that the mean value for cardiac output during this type of ventilation was approximately 25 per cent lower than that recorded during spontaneous respiration. Without wishing to discuss the cause of this phenomenon, we must assume that our own patients were similarly affected. The same factor may be responsible for the smaller increase in cardiac output observed in the present series, compared with our earlier report.
The response to atropine of our present group of patients also differed from the group studied earlier who breamed spontaneously while anaesthetized with nitrous oxide and halothane. The two groups were similar in respect of age, weight and dose of atropine. A statistical comparison was made of the two groups, using Student's t test, the result of which is shown in table IV. Patients in the present series showed significandy less mean maximum increase in heart rate (43 per cent) than those studied previously (83 per cent). Gray (personal communication) has suggested that the chronotropic effect of atropine is influenced by the arterial carbon dioxide tension. It is to be expected that the patients in the previous series, who were breathing spontaneously, would have had arterial carbon dioxide tension levels considerably higher than those in the ±2,
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present group, and this could well account for the difference. This in turn would account for the significandy greater increase in cardiac output (48 per cent) reported earlier compared widi die present series in which it was 31 per cent. As a result the stroke volume remained almost unchanged, whereas in die spontaneously breathing patients it fell significandy. Weissler, Leonard and Warren (1957) found diat die response to intravenous atropine in conscious volunteers was modified by peripheral pooling of blood produced by passive tilting or leg tourniquets. Under normal conditions atropine caused an increase in cardiac output proportional to die increase in rate, widi litde change in stroke volume. However, when venous pooling was present die rises in heart rate were proportionally greater dian die increases in cardiac output, and die stroke volumes fell. The findings were attributed to reduction of die volume of blood in die central venous reservoirs upon which increases in cardiac output depend. We believe diat a similar mechanism contributes to die difference between die results obtained in die present series, in which peripheral pooling was not marked, and diose reported previously (Farman, 1967) . The latter are presumed to have had considerable vasodilatation due to die combined effects of halodiane and a raised arterial carbon dioxide tension, so diat aldiough there was a considerable increase in output, it did not match die increase in heart rate. The fall in resistance after atropine in diose patients receiving 2 per cent halodiane (25 per cent) was significandy greater than in diose receiving 1 per cent halodiane (13 per cent). By contrast die present study reveals a smaller fall in resistance in patients receiving 0.5 per cent halothane. This is due to die modest increase in cardiac output in diese patients.
The present study showed higher levels of arterial pressure dian seen previously, due to die different halothane concentrations employed, aldiough die rise of pressure was significandy less, reflecting die smaller mean increase in cardiac output. The fall in resistance was litde different from the earlier group because in each series the increase in cardiac output matched the increase in pressure. Circulation times (not shown in die table) were slower in die present series and die reduction in circulation time was significandy less.
There were no significant differences between the changes in left ventricular stroke work, which were not large in eidier series. This accords widi die view diat under changing circulatory conditions diis parameter tends to remain constant. (Farman, 1967 The subtitle to this book should be noted, since the contents relate only infrequently to subjects with which the anaesthetist has daily or even weekly contact. The author includes his own studies on paediatric acid-base changes (published 1963-5), together with introductory matter, conclusions, and a substantial review of related work. There are no less than 556 references. The first of the three main sections contains an account of the definitions and nomenclature to be used, the plan of study, the case material, and methods in brief. Throughout, the author is concerned mainly with "titratable acid" in blood-base excess on the SiggaardAndersen nomogram. He lists the changes in bloodbase excess which are not caused by renal compensatory mechanisms, is willing to question the conventional distinction between respiratory and non-respiratory acid-base changes, and votes in favour of the continued use of pH rather than hydrogen ion equivalents. At this stage, the length and complexity of many sentences may suggest to the reader that this type of specialized monograph is in the single-edition category.
EFFETS CIRCULATOIRES DE L'ATROPINE SUR LES MALADES ANESTHESIES AU PROTOXYDE D"AZOTE ET
The second main section (chapters 3-7) is entitled "The acid-base homeostatic functions", and is concerned with the following: dietary constituents which contribute to net renal acid excretion by the kidney; renal tubular generation of hydrogen and ammonia; the influence of growth, maturation, and hormones on acidbase homeostasis; and buffer mechanisms. Hereabouts, the author claims to have established a linear relationship between blood-base excess and renal net acid excretion in infants with pyloric stenosis and gastroenteritis. He points out the relative rarity of non-respiratory alkalosis in adult patients in contrast to its frequency in infants with obstructive pyloric stenosis, and after debating whether respiratory compensation occurs in the non-acute non-respiratory alkalosis he concludes that it does. There is a short and perhaps irrelevant section on the regulation of ventilation (what are the jugular bodies?) and some discussion of dehydration as a cause of acidosis. Several case reports are included and their data comprise many of the 61 figures throughout the book.
The third section, "Disturbances of neutrality", begins with a chapter on acid-base disorders in newborn infants. Anaesthetic agents at last receive mention, in a table of acid-base values in vigorous newborn infants (from the work of James and others). Here, as earner, the author refers in welcome detail to the difference between the in-vivo blood and tissue carbon dioxide titration curves. His own case material includes premature births and full-term infants up to the third week, from which he concludes that there is a linear regression between (blood) base excess and Pco, in the combined acidosis of early infancy. There are interesting comments about the persistence of a nonrespiratory alkalosis after chronic hypercapnia has been reversed, and he also considers the relationship between non-respiratory acidosis and diet and "failure to thrive".
The final two chapters deal with acid-base disorders due to vomiting and diarrhoea respectively. From his own experience, the author points to a non-respiratory alkalosis as a way of distinguishing pyloric stenosis from "low-obstructive" or "non-obstructive" vomiting. Steroid and postoperative non-respiratory alkalosis receive some mention. Finally, there is a briefer coverage of the non-respiratory acidosis often associated with infant gastro-enteritis.
In summary, a book of definite value to all paediatric clinicians and to serious students of acid-base chemistry; to others, a book for the reference library. Like all acid-base texts, its rewards come only in proportion to the reader's effort and concentration.
In contemplation, one may well ask why clinical laboratories continue to deliver the routine "bicarbonate" measurement for inclusion in patient's notes. Here, perhaps indirectly, its age-old inadequacy is emphasized yet again.
R. A. Millar
